The bed nucleus of the stria terminalis (BNST) is known to play a critical role in mediating the behavioral and autonomic responses to stressors. The oval nucleus of the BNST (BNSTov) contains cell bodies that synthesize the stress hormone, corticotropin releasing factor (CRF). Although afferent fibers originating from the BNSTov have been shown to innervate several key structures of the neuroendocrine and central autonomic system, the question remains as to whether, some of these fibers are CRF-positive. To directly address this question, we injected a "floxed" anterograde tracer (rAAV5/EF1a-DIO-mCherry) into the BNSTov of CRFp3.0Cre GFP transgenic mice, which express a green fluorescent protein (GFP) under the control of the CRF promoter. Serial sections were then analyzed for the presence of double-labeled fibers in potential projection sites. To determine whether CRF neurons in the rat BNSTov send comparable projections, we infused rat BNSTov with an AAV in which the human synapsin promoter drives enhanced GFP expression. We then used CRF immunoreactivity to examine double-labeled fluorescent fibers and axon terminals in projection sites from brain sections of the AAV-infused rats. We have observed several terminal fields in the mouse and rat brain with double-labeled fibers in the Dorsal raphe nucleus (DRD), the Paraventricular nucleus of the hypothalamus, and to a lesser extent in the Ventral tegmental area. We found double-labeled terminal boutons in the nucleus accumbens shell, prelimbic cortex, and posterior basolateral nucleus of the amygdala. The most intense double-labeling was found in midbrain, including substantia nigra pars compacta, red nucleus, periaqueductal gray, pontine nuclei, as well as DRD. The results of our study indicate that CRF neurons are the output neurons of the BNSTov and they send projections to the centers of neuroendocrine and autonomic regulation, but also regions modulating reward and motivation, vigilance, motor function, as well as affective behavior.
Introduction
Corticotropin-releasing factor (CRF) neurotransmission is essential for coordinating the adaptive response to stressful situations (1) , but its prolonged activation as a result of chronic or traumatic stress is critically involved in the etiology of anxiety, depression, and posttraumatic stress disorder (PTSD) (2) . The main clusters of CRF neurons outside the paraventricular nucleus of the hypothalamus (PVN) are in the extended amygdala, which includes the bed nucleus of the stria terminalis (BNST) and the central nucleus of the amygdala (CeA) (3) . While CRF neurons in the PVN are associated with a fast endocrine stress response, the extra-hypothalamic CRF system is linked to the affective component of the stress response (4) . The BNST is involved in stress adaptation and mediates autonomic and behavioral responses to stressors, including fear and anxiety (5) . In humans, the BNST is active during anticipatory anxiety (6) , in conditions of uncertainty and hyper-vigilant threat monitoring (7) , and its activity is elevated further in patients with anxiety disorders (8) . Although both the BNST and CeA are involved in mediating fear responses, the BNST is necessary for expression of long-duration fear responses that resemble anxiety (sustained fear), while the CeA mediates short-duration fear responses (phasic fear) (9) . In addition, the BNST is required for anxiety to non-specific environmental cues, for example bright light exposure in rodents (unconditioned anxiety), while the CeA is required for fear responses to a specific cue (classic fear conditioning) (5) . The anterolateral cell group of the BNST contains cell bodies that synthesize the stress hormone, CRF (10) in the oval (BNSTov) and fusiform nuclei, as well as CRF-positive fibers and terminals that originate mainly from the CeA (11) . CRF, acting through its primary receptor, CRFR1, mediates anxiogenic responses in the BNST including potentiation of the acoustic startle reflex (12) . Moreover, chronic overexpression of CRF in the BNST leads to anxiety- (13) , and depressive-like behavior in experimental animal models (14) . Hence, it is believed that CRF, primarily from the lateral division of the CeA, acts on CRF receptors type 1 (CRFR1) in the BNST to mediate anxiety and negative affect following a prolonged threat stimulus (9) or withdrawal from drugs of abuse (15) .
However, although the BNSTov has one of the highest densities of neurons producing CRF in a rodent brain, the role and efferent projections of these neurons has not been fully elucidated. We have recently shown that repeated stress exposure leads to a long-term facilitation of synaptic plasticity selectively in putative CRF neurons of the BNSTov (measured as increased LTP), which contributes to the stress-induced persistent changes in behavior, including potentiated startle response and fear conditioning (16) . This change in synaptic plasticity in CRF neurons could lead to the formation of a long-term memory in fear circuits; however the down-stream projection sites that potentially mediate these behaviors are largely unknown. detail in a seminal study by Dong and colleagues (20) . However, although afferent fibers originating from the BNSTov have been shown to innervate several key structures of the neuroendocrine and central autonomic system, the question remains as to whether some of these fibers are CRF-positive and, if so, what specific neuronal populations do they innervate. Therefore the aim of the current study was to understand specific projections of CRF neurons in the BNSTov and their relationship with downstream neuronal populations. Here, we have focused solely on the CRF neurons in the BNSTov, as there is growing evidence that their neurotransmitter phenotype and function might be different from the CRF neurons in the fusiform (subcomissural) nucleus of the BNST (19, 21) , or from the CRF neurons in the PVN (17) . To this end, we have identified downstream projections of BNSTov CRF neurons using a cell-type specific adeno-associated viral vector (AAV)-based approach in mouse and rat brain. Here, we propose that CRF neurons of the BNSTov are output neurons and send projections to hypothalamic, midbrain, and brainstem nuclei. Hence, these CRF neurons are uniquely positioned to mediate distinct features of fear and anxiety-like behavior.
Methods
All the procedures used were approved by the Institutional Animal Care and Use Committees (IACUC) of Emory University and Rosalind Franklin University of Medicine and Science, and were in compliance with National Institutes of Health (NIH) guidelines for the care and use of laboratory animals.
Cell-type specific targeting of the CRF neurons in the mouse BNSTov using a Crerecombinase-dependent (floxed) AAV injection
To directly address the question of where BNSTov CRF cells send their projections in the mouse, we bilaterally injected a "floxed" anterograde tracer (rAAV5/EF1a-DIO-mCherry, Gene Therapy Center Virus Vector Core Facility, the University of North Carolina at Chapel Hill, Chapel Hill, NC, USA) into the BNSTov of five male (40-45 days old) CRFp3.0Cre GFP transgenic mice, which express a green fluorescent protein (GFP) under the control of the CRF promoter (22) . Mice were anaesthetized with an intraperitoneal injection of dexdormitor (Orion Pharma, Espoo, Finland) and ketamine hydrochloride (Bioniche Pharma, Bogart, GA, USA) mixture and infused with AAV (300 nl) during stereotaxic surgery using the following coordinates from Bregma: AP: +0.3 mm, ML: ±2.1 mm, DV: −4.2 mm with a 15° coronal angle to avoid the lateral ventricle. Two weeks after the AAV injection, following the standard 10% formalin fixation protocol (23), the brains were removed, post-fixed, and sliced. Serial sections (40 μm) were cut through the entire mouse brain and analyzed for the presence of double-labeled neurons in the BNSTov (GFP-mCherry) and dual-labeled fibers in potential projection sites using confocal spinning disk laser microscopy. We obtained high-resolution photomicrographs using an Orca R2 cooled CCD camera (Hamamatsu, Bridgewater, NJ) mounted on a Leica DM5500B microscope (Leica Microsystems, Bannockburn, IL) equipped with a CSU10B Spinning Disk (Yokagawa Electronic Corporation, Tokyo, Japan). Analysis of dual-labeled neurons in the BNST and fibers in the projection sites was performed with Simple PCI 6.6 software (Hamamatsu, Sewickley, PA).
Targeting of the CRF neurons in the rat BNSTov using an AAV injection combined with CRF immunoreactivity
To determine whether CRF neurons in the rat BNSTov have similar projections to those in the mouse brain, we injected six adult (60 days old) male Sprague-Dawley rats under ketamine/dexdormitor (as above) or isoflurane anesthesia with an AAV in which the human synapsin promoter-5 (hSyn) drives enhanced GFP (eGFP) expression (Gene Therapy Center Virus Vector Core Facility, the University of North Carolina at Chapel Hill, Chapel Hill, NC, USA). Here, 500 nl of the rAAV5-hSyn-eGFP was bilaterally injected into the BNSTov using the following stereotaxic coordinates from Bregma: AP: +0.1 mm; ML: ±3.4 mm, DV: −7.2 mm with a 15° coronal angle, modified from (24) . Rats were perfused 4 weeks later following a standard 10% formalin fixation protocol, and the brains removed, post-fixed, and sliced for immunofluorescence staining with an anti-CRF antibody (rabbit polyclonal, 1:250, ab11133, Abcam, Cambridge, MA or guinea-pig polyclonal, 1:1000, T-5007, Peninsula, San Carlos, CA), as described previously (16, 17, 23) . Specificity of the rabbit and guinea-pig CRF antibodies was assessed and described before (16, 17, 23, 25) . Briefly, free-floating 50 μm sections were rinsed 3x (10 min each) in phosphate buffer saline (PBS) and permeabilized with 0.5 % Triton-X 100 in PBS. Normal goat serum (3%, Life Technologies, Thermofisher Scientific) was added to Triton-X/PBS to block non-specific binding and sections were then incubated for 48 hours at 4°C with the primary antibody diluted in 0.5% Triton-X/PBS solution. Sections were rinsed 3x (10 min each) in PBS and then incubated at room temperature for 2 hours with goat anti-rabbit or goat anti-guinea-pig AlexaFluor-568 secondary antibody (1:500, Life Technologies, Grand Island, NY, USA). Following incubation with the secondary antibody, sections were rinsed 3x (10 min each) in PBS and 1x in 0.05 M phosphate buffer (PB), mounted on gelatin-coated glass slides, cover-slipped using Mowiol 4-88 -Dabco Media (Polyvinyl alcohol, 81381; Sigma Aldrich, St. Louis, MO, USA), and dried overnight. Sections were then visualized using a Leica DM5500B microscope (as above), an Olympus Fluoview 500 Scanning Laser Confocal Microscope, or an Olympus FV10i Confocal Microscope (Olympus America, Inc., Center Valley, PA, USA). Sections were analyzed for the presence of double-labeled neurons and fibers with Simple PCI 6.6 software (Hamamatsu, Sewickley, PA) or FV10-ASW 3.0 software (Olympus).
Targeting neuronal populations innervated by CRF neurons from the BNSTov using dual-immunofluorescence protocol on brain sections from the AAV-hSyn-eGFP injected rats
Finally, to determine what subsets of neurons are innervated by the CRF projections originating in the BNSTov, we performed dual-immunofluorescence staining on brain sections from AAV-hSyn-eGFP infused rats (as above), in which the CRF antibody was used to label CRF-immunoreactivity (as above) in combination with one of the following antibodies: i) hypothalamic oxytocin (OT) neurons (mouse monoclonal anti-OT, 1:5000, MAB5296, Chemicon-Millipore, Billerica, MA); ii) midbrain dopamine (DA) neurons (mouse monoclonal anti-tyrosine hydroxylase, TH, 1:1000, MAB318, Chemicon-Millipore, Billerica, MA); iii) and dorsal raphe serotonin (5-HT) neurons (mouse anti-tryptophan hydroxylase, 5-TPH, 1:1000, ab82244, Abcam, Cambridge, MA). Following incubation with the primary antibodies, we then visualized local subsets of neurons with the following AlexaFluor secondary antibodies: Alexa633 goat anti-mouse IgG, Alexa568 goat anti-rabbit Dabrowska 
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IgG or Alexa568 goat anti-guinea pig IgG (1:500, Life Technologies -Thermofisher Scientific). Confocal images were acquired using full signal distribution with sequential channel acquisition of each laser excitation on an Olympus Fluoview 500 Scanning Laser Confocal Microscope, or an Olympus FV10i Confocal Microscope and imaging was performed as above.
Results
The regional nomenclature used below is in accordance with the Rat Brain Atlas by (24).
Specific projections of CRF neurons originating from the mouse BNSTov
First, we analyzed serial brain sections from CRF-Cre-GFP transgenic mice injected with a floxed AAV5-mCherry into the BNSTov for the presence of double-labeled BNSTov neurons. We found a high level of co-expression between GFP-and m-Cherry-positive neurons in the BNSTov at the level of somata, dendrites, and axon fibers ( Fig. 1A -B″), indicating successful AAV transfection of local CRF neurons in the BNSTov. We then investigated the presence of double-labeled (GFP-mCherry) fibers in potential projections sites using the study by Dong et al. (20) as a guideline for the general BNSTov projection patterns. Although we found single-labeled mCherry-and GFP-positive fibers in a variety of terminal sites, we have confirmed double-labeled fibers in the three major areas: the dorsal raphé nucleus, dorsal division (DRD, Fig. 2A -A''), the ventral tegmental area (VTA, Fig. 2B -B''), and the PVN ( Fig. 2C-C″) . These data strongly support the premise that CRF neurons of the mouse BNSTov project to downstream regions implicated in the regulation of stress, motivation, reward, and affective behavior.
Specific projections of CRF neurons originating from the rat BNSTov
Next, we thoroughly analyzed serial brain sections from rats injected with the AAV-hSyn-eGFP ( Fig. 3A ), in which neuronal tract tracing of the BNSTov neurons was combined with CRF-fluorescent immunoreactivity (CRF-ir). First, we confirmed that a sub-population of BNSTov eGFP neurons co-expressed CRF at the level of somata, dendrites, and axons ( Fig.  3A′ -A‴), indicating that the AAV-hSyn-eGFP successfully transfected CRF neurons in the BNSTov. However, as expected, the AAV-hSyn-eGFP virus also transfected cells in the rat BNSTov that do not express CRF (eGFP-positive, CRF-ir negative, Fig. 3A′ ). Therefore we subsequently analyzed serial brain sections and noted only those fibers in which the presence of double-immunofluorescent labeling (eGFP and CRF) could be confirmed in potential projections sites. Once again, the study by (20) was used as a guideline for the general BNSTov projection patterns.
Local projections of BNSTov CRF neurons within the rat BNST-As
shown in Fig. 3A , eGFP-positive neurons from the rat BNSTov send abundant projections to the ventral (subcomissural) division of the BNST, including the fusiform nucleus (BNSTfus), which was previously identified as a major local projection site (20) . Although we have confirmed rich eGFP-ir fibers and boutons in the rat BNSTfus, double-labeling with the CRF antibody revealed that the great majority of GFP-positive fibers in the ventral BNST were not CRF-positive, suggesting that non-CRF neurons of the BNSTov project to rat BNSTfus. However, intense somatodendritic CRF-ir in the BNSTfus might have potentially masked double-labeled boutons. In contrast, we have found double-labeled (CRF-eGFP) fibers entering rat posterior-medial BNST division (BNSTmp) through the stria terminalis (double arrows, Fig. 3B -B″).
CRF projections from the rat BNSTov extending rostrally-
We found high expression of CRF-ir fibers and puncta in the rat nucleus accumbens shell (NAc, Fig. 3C′ ) and core and a moderate expression of eGFP-ir in fibers and terminals in both regions (Fig.  3C ). Notably, a subset of CRF-ir fibers and puncta expressed eGFP in the NAc shell, suggesting that the rat NAc receives CRF innervation from the BNSTov. Here, the doublelabeled puncta formed sparse perisomatic contacts around putative neurons and were also observed in the neuropil (Fig. 3C″ ). However, we also observed CRF-ir fibers and boutons that were not GFP-positive, suggesting an additional source of CRF innervation in the NAc (Fig. 3C′ ). In contrast, very sparse double-labeled puncta were observed in NAc core (not shown). Elsewhere, we found double-labeled (CRF-eGFP) fibers and perisomatic boutons formed around putative neurons in the prelimbic cortex (PrL, Fig. 4A -A″). In contrast, although intense CRF-ir ( Fig. 4B′ ) and eGFP labeling ( Fig. 4B ) was observed in the cingulate cortex (CgC), very limited double-labeling was observed in this region ( Fig. 4B -B ″).
CRF projections from the rat BNSTov extending caudally-
The great majority of the CRF-positive projections were found caudal to the rat BNSTov. In the PVN, we found double-labeled fibers in several PVN sub-divisions: namely the PaAP-anterior parvicellular part ( Fig. 3D-D′) , PaMP-medial parvicellular part, PaV-ventral part, PaPOposterior part, and the PaLM-lateral magnocellular part. Most of the fibers did not form apparent perisomatic baskets around putative neurons, but contained multiple-beaded varicosities indicative of potential release-sites ( Fig. 3D″ ). However, in the PaAP, and to a lesser extent in the PaLM, dual-labeled fibers were shown to make perisomatic baskets around subsets of putative neurons (Fig. 3D″ ). In the lateral hypothalamus (LH), we observed high level of eGFP labeling ( Fig. 4C ) and sparse CRF-ir ( Fig. 4C′ ), as well as moderate eGFP-CRF co-localization on puncta and terminal boutons ( Fig. 4C″ ). Although moderate e-GFP and CRF-ir was also observed in the paraventricular thalamus (PVT), very limited co-labeling was observed in the region ( Fig. 4D-D″) . Similarly, despite intense eGFP labeling, limited eGFP-CRF co-expression was observed in the lateral habenula (not shown). As expected, high CRF-ir was observed in the CeA at the level of somata, dendrites, and fibers (Fig. 5A′) ; but only limited CRF-ir puncta and contacts also co-expressed eGFP ( Fig. 5A-A″) . In contrast, we have found CRF-eGFP double-labeled puncta in medial division of CeA (CeM, Fig. 5B-B″) . GFP-ir was also found in the rat medial (MeA, Fig. 5C -C″) and basolateral nucleus of the amygdala (BLA, Fig. 5D-D″) . However, double-labeled perisomatic contacts were found primarily in the posterior BLA (Fig. 5D″ ), while the projections to the anterior BLA and the MeA were mostly non-overlapping with CRF-ir ( Fig. 5C″ ).
magnocellular part (RMC, Fig. 6A -A″), a midbrain structure located dorsal to the VTA in which eGFP-CRF double-labeled puncta made baskets around putative magnocellular neurons. Interestingly, both co-labeled eGFP-CRF and single-labeled CRF-ir puncta were found on the RMC neurons ( Fig. 6A″ ), suggesting that the same RMC neurons receive CRF input from two different sources. Similarly, in the ventrolateral periaqueductal gray (VLPAG), we found double-labeled perisomatic contacts (puncta) around subsets of putative neurons (Fig. 6B-B″) , indicative of potential CRF-containing axon-terminals from the BNSTov. Limited dual-labeled fibers were also observed in the lateral PAG (not shown). Finally, high eGFP labeling was found in pontine nuclei (PN), lateral part, as well as in the nucleus of the solitary track (SOL). Although nearly complete eGFP-CRF co-expression was found in the PN (Fig. 6C-C″) , only partial co-labeling was observed in the SOL (Fig. 6D-D  ″) .
In the VTA, CRF-ir was found primarily independent of GFP expression. In the rostral VTA (VTAR), despite the presence of CRF-ir, the majority of the CRF-ir fibers and puncta were not GFP-positive, suggesting that the BNSTov is not a primary source of CRF innervation in the VTAR (not shown). In contrast, in the parabrachial pigmented nucleus (PBP), a medial division of the VTA, we found limited co-labeled CRF-ir fibers and puncta ( Fig. 7B″) , as well intense CRF-ir puncta clearly independent of GFP-ir ( Fig. 7B′ ). In the PBP, doublelabeled puncta formed perisomatic contacts around a subset of putative neurons. In the interfascicular nucleus (Bregma −5.64), located dorsally to PBP, we found low levels of CRF-ir and very limited double-labeled fibers and puncta (not shown). Similarly, we also found sparse double-labeled puncta in the retrorubral field (RRF, DA cell A8, not shown).
Notably, in the substantia nigra pars compacta (SNC), we found double-labeled perisomatic contacts (puncta) around subsets of SNC neurons ( Fig. 7C-C″) . Even more intense GFP-CRF double-labeling was found in the posterior substantia nigra reticulata (SNR, Fig. 7D -D ″). In the DRD, we observed double-immunofluorescent puncta (perisomatic baskets) around a subset of putative neurons ( Fig. 7E-E″) . In the medial raphé nucleus (MRN), we also observed intense CRF-ir, but this was mostly independent of GFP expression (not shown).
Phenotype of neurons innervated by CRF-projections originating from BNSTov
In order to identify the neurotransmitter phenotype of neurons that receive CRF-projections from the BNSTov, we employed additional immunohistochemical staining against specific markers of local neurons in the different projection sites in which we identified doublelabeled perisomatic baskets. Although previous studies have identified CRF innervation of OT neurons in the PVN (26, 27) , the origin of these CRF inputs is not known. In the PVN, we found double-labeled fibers (eGFP-CRF) in juxtaposition to local OT neurons in the anterior parvicellular division (PaPA) ( Fig. 7A-A‴) . Interestingly, some of the parvicellular OT neurons in the PaPA that receive the BNSTov innervation were shown to also co-express CRF (Fig. 7A′ ).
Since we observed double-labeled puncta in a variety of midbrain sections, we used an additional marker (TH) to determine whether the CRF fibers originating from the BNSTov make appositions with populations of midbrain DA-ergic (TH-positive) neurons. In the VTA (DA cell group A10), sparse CRF-GFP terminals were observed in the PBP and were seen as double-labeled puncta around cell bodies; however these contacts were found primarily with non-DA neurons, and only occasionally with DA neurons (Fig. 7B-B‴) . In contrast to the VTA, in the SNC (DA cell group A9) and SNR, double-labeled puncta were primarily observed around the somata of DA-positive neurons (Fig. 7C -C‴ and 7D-D‴). However, in the lateral division of the SNC, double-labeled puncta were primarily formed around non-DA neurons (not shown). Finally, we examined whether the intense double-labeled boutons observed in the DRD were in apposition to serotonin (5-HT) expressing neurons. Here we used an antibody against the enzyme necessary for 5-HT synthesis, namely 5-TPH. In the DRD, we observed CRF-GFP boutons primarily surrounding 5-TPH-expressing, serotonergic neurons ( Fig. 7E-E‴ ).
Discussion
To the best of our knowledge, this is the first study describing in detail specific projections of BNSTov CRF neurons in the mouse and rat brain. Using a cell-type specific neuronal tracing approach, we have shown that CRF neurons of the BNSTov send projections to brain centers implicated in the regulation of the stress response (PVN), reward and motivation (VTA), as well as modulation of mood and affect (DRD). Furthermore, in the rat brain we found efferents of BNSTov CRF neurons in centers involved in pain processing and freezing behavior (PAG) and the regulation of motor function (RMC, SNC and PN, Fig. 8 ). Based on our results we propose that the CRF neurons should be considered one of the output neurons of the BNSTov.
In the last decade, interest in the role of the BNST's modulation of distinct features of anxiety (28) and divergent motivational states (29) has achieved circuit specificity with neuronal-specific promoters or promoters for GABA-ergic or glutamatergic markers to control BNST activity using opto-or chemogenetics. However, the BNST is a heterogeneous nucleus that contains a variety of neuropeptides (18) , which are critical modulators of behavior, but often exert opposing behavioral effects (19, 28) . Although these studies have undoubtedly advanced our knowledge of the BNST, to truly understand the role of its neurocircuitry in mediating anxiety-like behavior, we need to investigate peptide-specific inputs and outputs of the BNST. Specifically, although the BNSTov has one of the highest populations of CRF neurons in the rodent brain, their projection sites and the role of these neurons in regulating behavior remain largely unknown. Here, we have investigated specific projections of BNSTov CRF neurons using two independent neuronal track tracing approaches: i) a floxed-AAV-mCherry infused into the BNSTov of CRFp3.0Cre GFP transgenic mice to achieve Cre-recombinase dependent expression of mCherry fluorescent protein selectively in the GFP-expressing CRF neurons of the BNSTov and ii) AAV5-hSyn-eGFP infused into the rat BNSTov combined with CRF-ir fluorescent labeling on fibers and axon terminals.
In the study by Dong et al., (20) , the most abundant intrinsic projection of the BNSTov in the rat was to the ventral (subcomissural) BNST, including the BNSTfus. Although we also observed robust innervation of the BNSTfus after AAV-hSyn-eGFP injections into the rat BNSTov these projections did not co-express CRF, suggesting that other subsets of non-CRF BNSTov neurons innervate this region. However, high somatodendritic CRF-ir in the BNSTfus might have potentially masked double-labeled puncta and boutons. In agreement with (20) , who demonstrated BNSTov projections to the medial CeA, we also observed CRF-positive BNSTov input to the rat CeM, and to a lesser extent to lateral CeA, suggesting that the CeA not only innervates the BNSTov (30) but also receives reciprocal CRF input from the BNSTov. In addition, we have observed double-labeled fibers entering rat posteriormedial BNST division (BNSTmp) through the stria terminalis. Interestingly, recent study on the role of the CRFR2 located in the posterior BNST has proven its critical contribution for the stress recovery (31) . We also observed double-labeled perisomatic contacts around putative neurons in the posterior BLA, and to a lesser extent MeA. Previous studies have reported that the MeA expresses high levels of CRFR2, while the BLA expresses both CRFR1 and CRFR2 (10) . During periods of stress, CRF is released into the BLA and local CRF receptor activation has been postulated as a substrate for stress-induced alterations in affective behavior (2) .
Intriguingly, BNSTov CRF neuron innervation of the PVT was also very light considering the PVT has been reported to send dense projections to the BNSTov (32) . However, as noted by (20) the densest innervation of the PVT arose from the BNSTfus. Thus, the BNST -PVT circuitry is not a simple reciprocal inhibitory feedback pathway. Glutamatergic efferents of PVT neurons are reported to make contact with CRF containing neurons in the BNST (33) , and yet it is the non-CRF neurons of the BNSTov that send the densest input into the BNSTfus, which then projects back to the PVT. It is unknown at this juncture how this circuitry regulates the response to stress stimuli; however, the PVT has been shown to facilitate the hypothalamic-pituitary-adrenal (HPA) response to novel stimuli following chronic stress via the regulation of neural activity in the BNST and CeA (34) .
Axonal projections originating from BNST divisions rich in CRF neurons, namely the BNSTov and BNSTfus, were previously reported to innervate neurons of the rat PVN (20) .
In agreement with this study, we have shown that CRF-ir fibers originating from the BNSTov innervate several subdivisions of the PVN in both the mouse and rat brain. Interestingly, CRF axon terminals were reported to make synaptic contacts with the soma and dendrites of OT-positive neurons of the rat PVN (26), but it was suggested they originate from local hypothalamic CRF sources (27) . In the current study, we have shown that in the PaAP, CRF fibers originating from the rat BNSTov make perisomatic contacts with a subset of local OT neurons. Interestingly, some of the parvicellular OT neurons also co-expressed the CRF peptide, suggesting that CRF input from the BNSTov might modulate OT release from pre-autonomic neurons to the brainstem and/or CRF release to the anterior pituitary. Hence, CRF-containing fibers from the BNSTov innervate endocrine hypothalamic neurons and might, therefore, directly modulate the HPA axis activity and autonomic functions. In agreement with our results, previous studies have shown that distinct BNST nuclei differentially regulate the HPA axis activity. For example, the rat posterior BNST nuclei inhibit the HPA axis, whereas the antero-ventral BNST nuclei are involved in HPA axis activation (35) . Stress-sensitive GABA-neurons projecting to the PVN have been also identified in the sub-commissural part of the anterior BNST (36) . However, we believe that our report is the first to show direct CRF input from the BNSTov to the PaAP. Consistent with this observation, we have shown that OT neurons in the rat PVN express CRF receptor type 2 (CRFR2) (23), and our current results would suggest they might respond to CRF input from the BNSTov. Recently, we have demonstrated that activation of CRFR2 by its selective agonist, Urocortin 3 (stresscopin), decreased excitatory drive onto OT neurons in the PVN of male prairie voles (37) . Together these data suggest that CRF innervation from the BNSTov might contribute to modulation of the OT neurons' activity via a CRFR2dependent mechanism. As we have shown before that CRF neurons in the BNSTov are GABA-ergic (17) , terminals originating from the BNSTov might have fundamentally different function from local CRF sources in the PVN, which co-express glutamate (17) . Dong and colleagues (20) also showed that the rat BNSTov sends projections to the LH through the medial forebrain bundle. Consistent with this observation, we observed eGFP-CRF-innervation of the LH. Previous studies have reported that neuronal activity of Orexin-A neurons in the LH is modulated by CRF receptor activation, and it was suggested that these neurons receive inputs from many CRF-rich neuronal fields including the PVN, CeA, and the BNST (38) .
In the study of Dong and colleagues, descending BNSTov fibers were shown to course caudally toward the midbrain through the VTA and SNC (20) . Here, we extend this observation to show the presence of double-labeled CRF-GFP BNSTov fibers in the mouse VTA. In rat brain, low levels of double-labeled puncta were observed in the posterior division of the VTA, including the PBP, and double-labeled terminal boutons were found primarily around non-DA neurons. These data are consistent with previous retrograde tracer studies reporting CRF-projections from the BNSTov to the VTA, where one-third of fluorogold-labeled neurons in the BNSTov were CRF-positive (39) . However, the BNSTov is not the only BNST region exerting a direct influence over the VTA activity; projections have also been reported to originate from the anterodorsal and anterolateral BNST (40) , but these two regions do not contain CRF neurons. Interestingly, the ventrolateral BNST, which does contains CRF neurons in the BNSTfus, has been reported to send an excitatory projection to the VTA and stimulation of this region increases the firing of VTA DA neurons (41) . These data would suggest that whereas the ventral BNST directly excites DA neurons in the VTA, CRF neurons of the BNSTov primarily innervate local GABAergic interneurons in the VTA. Intriguingly, we also observed CRF-ir puncta and fibers in the rat VTA that did not originate from the BNSTov, indicating that DA neurons in the VTA receive direct innervation from other CRF sources, potentially the BNSTfus or the lateral CeA. We also observed high levels of GFP fibers in the VTA, which were not CRF-ir, suggesting that non-CRF BNSTov neurons also regulate the activity of VTA neurons. These data are consistent with the observation that the anterior BNST sends GABA/enkephalin projections to the VTA (42) . In contrast to the VTA, we have shown that CRF projections from the BNSTov to the rat SNC primarily innervate DA neurons. Previous studies in the cat have also reported BNST projections to the SNC (43); here we extend this observation to show that some of these BNSTov projections contain CRF. Although the function of the projection is not well understood, significant changes in D2/D3 dopamine receptor binding have been reported in the SNC of nonhuman primates following deep brain stimulation of the BNST (44) .
BNSTov CRF neurons also provide a dense input into the magnocellular part of the rat red nucleus (RMC), a caudal midbrain region implicated in a motor function. Here, rich doublelabeled terminal boutons were formed around the magnocellular neurons. The RMC is primarily involved in motor control, in particular gait, and thus may be involved in the motoric component of the fight-or-flight response. In humans, however, the red nucleus has also been reported to participate in the regulation of cognitive circuits related to salience and executive control (45) . Consistent with the observations of Dong and colleagues (20) , we observed a subset of CRF-GFP fibers originating in BNSTov that formed rich terminal boutons in the rat VLPAG. These data are consistent with a previous retrograde tracer study that reported neuronal labeling in the BNSTov following tracer injections into the VLPAG, and that some of these neurons contained CRF (46) . The VLPAG is reported to be a node in a "vigilance" circuit, and local administration of CRF into the VLPAG increases heart rate and contextual freezing (47) . Hence, activation of the BNSTov -VLPAG circuit would be expected to facilitate contextual fear learning.
Double-labeled CRF-GFP boutons were also observed in the dorsal division of the DRN in both the mouse and rat brain. Moreover, these boutons appear to contact a subset of 5-HT positive neurons in rat DRN. In agreement with our observation, previous studies have reported fibers extending from the lateral BNST to the DRN (48) , and overexpression of CRF in the dorsolateral BNST significantly down-regulates CRFR2 expression in the rat DRN (49) . Together these data suggest that the CRF projections from the BNSTov might act via CRFR2 in the DRD to regulate affective behavior. 5-HT neurons of the DRN are activated in response to stress and high levels of CRF in the DRD mimic the effects of uncontrollable stress via activation of CRFR2 (50) . Our results suggest that CRF originating from the BNSTov might mediate at least some of the behavioral effects mentioned above.
Here, we have used two technically different approaches to selectively track efferent projections of BNSTov CRF neurons in the mouse and rat brain. Although there has been some question about the selectivity of reporter expression patterns in transgenic mouse lines targeting CRF-neurons (51), the CRF projections identified in our CRFp3.0Cre GFP mouse study were confirmed in the rat brain, suggesting that there is at least partial overlap in projection patterns across rodent species. From a methodological perspective, there is also the possibility that we have underestimated the density of the fibers in any given target site, and might have not captured all target sites of BNSTov CRF neurons in the rat brain, since not all CRF neurons were transfected by the AAV-hSyn-eGFP virus. However, we would emphasize that selective targeting was the main priority of our current study; therefore we have limited our analysis to fibers/terminal boutons that originated from BNSTov (expressed GFP) that also co-expressed CRF. As CRF peptide expression is largely stress-dependent and baseline CRF levels might be limited in non-stressed animals, we might have further underestimated CRF-ir in the relevant projections sites. Finally, sex differences have been reported in the responses of CRF neurons in the BNSTov to stress (52) ; therefore further studies are needed to establish whether comparable CRF projections from the BNSTov are observed in female rat brain.
In summary, the majority of the CRF projections from the BNSTov described herein parallel the general BNSTov projections described by Dong and colleagues (20) , therefore we propose that BNSTov CRF neurons of the rat and mouse should be considered as output neurons. Consistent with this notion, we have shown that BNSTov CRF neurons may act as a key functional node to regulate distinct features of fear and anxiety-like behavior, affective behavior, autonomic function, motivational-behavior as well as executive function through their forebrain projections to the PVN, NAc, BLA, and PrL and midbrain connections to the DRD, SNC, RMC, VLPAG, PN, and to a lesser extent the VTA (Fig. 8 ). In the CeA (lateral part), high CRF-ir was found around putative neurons (A-A″, open arrows) and in the neuropil but limited CRF-ir boutons also co-expressed eGFP (A″, double arrows). In contrast, eGFP-CRF double-labeled puncta were found in the medial division of CeA (CeM, B-B″) . High levels of CRF-ir were also found in the medial amygdala (MeA), but only sparse CRF-ir boutons also co-expressed eGFP (C-C″). In contrast, high level of CRF-eGFP co-expression was found in the posterior basolateral nucleus of the amygdala (BLA, D-D″, double arrows, scale bar 10 μm). Dabrowska In the red nucleus, magnocellular part (RMC), CRF-eGFP double-labeled puncta made baskets around putative magnocellular neurons (A-A″, double arrows). However, some putative neurons are innervated by CRF independent of GFP (A″, open arrow). In the ventrolateral periaqueductal gray (VLPAG), double-labeled (CRF-eGFP) perisomatic contacts (puncta) were found around subsets of putative neurons (B-B″), indicative of potential CRF-containing axon-terminals from the BNSTov. In the brainstem, high-intensity and nearly complete co-localization of CRF-GFP positive fibers and boutons was found around putative neurons in pontine nuclei (PN, C-C″, double-arrows). In contrast, limited In the PVN (PaAP), eGFP-CRF-fibers (A-A″) were found in juxtaposition to local OT neurons (A-A‴prime;). Some of the OT neurons were also shown to co-express CRF (A′). In the VTA region, CRF-ir was found mostly independent of GFP in fibers and puncta. Sparse CRF-GFP terminals manifested as double-labeled puncta around cell bodies were found in the parabrachial pigmented nucleus (PBP) of the VTA, and the perisomatic contacts were found primarily with non-DA neurons, and only sporadic DA neurons (B-B‴′, THpositive, double-arrows). In contrast, high level of CRF-GFP co-localization was found in the substantia nigra pars compacta (SNC) and double-labeled perisomatic contacts (puncta) were primarily formed around somata of DA-positive neurons (C-C‴, double-arrows). In the posterior substantia nigra reticulata (SNR), double-labeled contacts were found around both TH-negative and TH-positive, DA neurons (D-D‴, double arrows). In the dorsal raphé
